Context: Cancer-related fatigue (CRF) is one of the most burdensome symptoms in breast cancer survivors (BCSs), accompanied by reduced health-related quality of life (HRQOL). Objectives: This study investigated the influence of a multimodal therapy (MT; psychoeducation, eurythmy therapy, painting therapy, and sleep education/restriction), or a combination therapy (CT; MT plus aerobic training [AT]) on HRQOL in BCS with chronic CRF in comparison with AT alone. Methods: One hundred and twenty-six BCSs with CRF were included in a pragmatic comprehensive cohort study and allocated either per randomization or by preference to MT, CT, or AT. The EORTC QLQ-C30 core questionnaire was used to measure HRQOL. All analyses on HRQOL parameters were done in an explorative intention. Results: Patients were assigned to MT (n = 44), CT (n = 54), or AT (n = 28). CT was significantly superior to AT after 10 weeks of intervention (T1) in improving physical function. MT was found to have significant superiority over AT at T1 and T2 for physical functioning, emotional functioning, insomnia, and financial problems as well as role functioning, cognitive, social functioning, and fatigue 6 months later (T2). Conclusion: A multimodal approach appears to be a suitable concept for BCS with chronic CRF. A confirmatory study with larger samples should demonstrate the superiority of MT and adapted CT in HRQOL compared with the current treatment AT found in these explorative analyses.
Introduction
Cancer-related fatigue (CRF) is one of the most common and burdensome consequences of cancer and its treatments. 1 The National Comprehensive Cancer network defined CRF as "a distressing, persistent, subjective sense of physical, emotional and/or cognitive tiredness or exhaustion related to cancer or cancer treatment that is not proportional to recent activity and interferes with usual functioning." 2 Factors describing the diversity of dimensions of CRF include energy deficiency, lack of concentration, sleep disturbances, emotional stress, and pain. 2, 3 CRF can occur during therapy in more than 70% of breast cancer patients, and after therapy in 34% of survivors, for more than 5 to 10 years after the first diagnosis. [4] [5] [6] [7] Previous studies have shown that CRF reduces health-related quality of life (HRQOL) in breast cancer patients by 20% to 30% during 3 to 48 months after completion of primary therapy compared with women without CRF. 8 Research suggests that breast cancer survivors who consider their fatigue to be more of a disaster also have worse HRQOL than those who do not. 8, 9 The current therapy with the best available evidence for CRF is aerobic training (AT; small to medium effects). 3, [10] [11] [12] [13] According to the National Comprehensive Cancer Network guidelines, AT is a category 1 recommendation, 14 and according to the National Cancer Institute it is the only level 1 recommendation for CRF. 15 Interventions such as sleep education/restriction and psychoeducational approaches capable of reducing CRF were also found. 13, [16] [17] [18] [19] Nevertheless, there is insufficient evidence for the use of pharmacologic agents in CRF. 11, 20 Positive effects on HRQOL can also be achieved by painting therapy 21 and eurythmy therapy. 22 Due to the existing state of research, the manifold manifestations of CRF, and the insufficient clinical effects, the question arises whether multimodal therapy (MT) concepts could be more meaningful to improve CRF and HRQOL and to achieve larger effect sizes than monotherapies. 23 The results of a pilot study investigating the effect of an MT approach (consisting of painting, eurythmy therapy, and psycho-and sleep-education) in breast cancer survivors showed positive effects on CRF, sleep quality, and autonomic and rest/activity regulation. 24 In the next step, comparative effectiveness research appeared to be necessary. Therefore, a study was conducted comparing 10-week interventions of MT (psychoeducation, eurythmy therapy, painting therapy, and sleep-education) or a combination therapy (CT; MT with AT) with a control therapy of AT. 25 Results on primary endpoint, safety outcome, and adherence were published elsewhere. 25 This article reports the results of the exploratory analysis on whether an MT and CT concept for breast cancer survivors with CRF is superior to an AT on HRQOL after 10 weeks of intervention (T1) and 6 months later (T2). The results of HRQOL are of great importance, as this patientreported outcome essentially complements the clinical relevance of the results of the primary endpoint, that is, the composite score of fatigue and disturbed sleep. In addition, we report the results of patients' expectations.
Methods
The study was carried out between June 2011 and December 2013 in cooperation between the Research Institute Havelhöhe, Gemeinschaftskrankenhaus Havelhöhe, Gemeinschaftskrankenhaus Herdecke, the Hannover Medical School, the Institute of Integrative Medicine of Witten/Herdecke University, and the Gesellschaft für Klinische Forschung (Berlin, Germany).
The study design is a multicenter, prospective, parallel, 3-armed, openly randomized pragmatic trial in a comprehensive cohort design.
After obtaining informed consent, those patients who accepted randomization (balanced randomization list [1:1:1] with different permutation block sizes by a central randomization service for each center separately) were assigned either to MT, CT (CT = MT + AT), or the AT "control group." If patients disagreed with randomization, they were allowed to choose an intervention according to their preference.
Interventions
The interventions were based on a manual defining the content, developed by a consensus of experts and tested in a pilot study. 24, 26 Before the start of the study, preparatory training and instruction for the therapists of all centers was carried out. Further details on the intervention are published in Kröz et al. 25 Aerobic Training. The AT, conducted either as control therapy (AT) or in the CT arm, was conducted according to recommendations as home-based training (3-5 times per week/30-45 minutes) with 8 trainer-led sessions (45 minutes including 15 minutes' rest). Participants were asked to document their practice at home in an exercise diary.
Multimodal Therapy. The MT arm uses 4 modules.
Sleep education.
Basics of sleep and chronobiology were imparted in an information session. The aim of this module was to improve sleep quality by improving self-management in sleep disorders. The participants were asked to fill out a sleep diary, which was the basis for the recommendations at the end of sleep sessions and also served to record the individual adaption of sleep rhythm, sleep restriction and stimulus control, and adherence.
Psychoeducation. The session program began with information on the understanding of CRF to help improve coping and dealing with the disease and distressing feelings and thoughts. Body-orientated exercises to improve mindfulness, exercises to improve inner concentration, and stress management were also carried out by a psychooncologist. 25 Eurythmy therapy. Eurythmy therapy, a mindfulnessorientated movement therapy in anthroposophic medicine, is characterized by (physical) "external movements," which are transformed into (mental) "inner movements" in order to influence an awareness of one's own body, mind, and soul. [27] [28] [29] This module aims to improve the dysrhythmia associated with CRF through defined exercises, as described in detail by Kröz et al. 25 Eurythmy therapy ended with a resting period of 15 minutes.
Painting therapy. Painting therapy is another therapeutic approach in anthroposophic medicine. 30 Each therapy session began with the drawing of forms (dynamic closed forms) followed by watercolor painting. The method is described in detail in Kröz et al. 25 Once a week, group sessions for MT and CT individuals were offered over a period of 10 weeks. Individuals in the MT and CT groups were required to attend group sessions for at least 7 days according to the protocol.
Participants
Most patients were recruited through local newspapers and physicians who informed their patients about the study; others spontaneously contacted the study centers. The exclusion criteria are as described in Kröz et al. 25 
Measures
Outcome parameters were assessed at baseline (T0), after 10 weeks of intervention (T1), and 6 months later (T2). Primary endpoint of the study was a composite score of the Pittsburgh Sleep Quality Index and the CFS-D. 25 This article focuses on HRQOL measures as described below.
Health-Related Quality of Life (EORCT QLC-C30).
The cancer-specific, multidimensional 30-item EORTC QLQ-C30 core questionnaire was used to measure patients' HRQOL. It is a widely used standard instrument that consists of functional scales, symptom scales, and a scale for global health status/quality of life (QoL). 31, 32 The 2 items forming the global health status/QoL scale are evaluated on a 7-point Likert-type scale, while all other items are evaluated on a 4-point Likert-type scale. 31 The scales are converted from 0% to 100%. 31, 32 For the functional and global health status/QoL scale high scores correspond to good HRQOL. A high score in the symptom scales represents a high degree of symptomatology. 33 Patients' Expectations. The patients' expectations were met with 5 items on physical changes (eg, "I expect a relief of my pain," "I expect/hope for an improvement of my mobility," and "I expect/hope for an improvement of my performance"), 4 items on psychological issues (eg, "I expect an increase of my self-confidence," "I expect/hope for a psychological support," and I expect/hope for a reduction in anxiety"), and 4 items on expectations in daily life, dealing with the disease, daily work, and making new acquaintances. Responses were rated on a 4-point Likerttype scale. 34 
Statistical Analysis
The sample size estimate of 114 patients focused on the primary parameters CFS-D and Pittsburgh Sleep Quality Index of the study; therefore, no performance calculations were performed on the HRQOL parameters. 25 However, with this sample size a clinically relevant standardized difference of 0.5, corresponding to a 2-group difference of approximately 10% with a power of 75%, was detected. 35 In order to control the possible bias between patients who prefer or reject randomization and between treatment arms of the preference group, 2 corresponding inclination scores were included in the model (to adjust to preference/randomization and to the choice of study arm in the nonrandomized group). No significant influence of these covariates could be found. Descriptive statistics for demographic and disease-specific variables were performed to show which relevant prognostic factors differ between the 3 treatment arms at the beginning. The van-Elteren and the Cochran-MantelHaenszel (CMH) tests (stratified for preference/randomization) were used to test for differences at a local significance level of 5%.
The treatment arms were tested for superiority of MT and CT over AT in relation to the dimension of EORTC, using a general linear model that included the parameters "preference/randomization" and "treatment" as fixed factors as well as the respective dimension baseline and the 2 propensity scores as covariates.
Model fit was assessed by graphical analysis of the quantile-quantile plot and by Akiake's Information Criterion. According to the intention-to-treat principle, all patients were analyzed with valid baseline data (T0). Missing items were replaced according respective manuals of the questionnaire. The last-value-carried-forward method was used to calculate missing data for T1 in the main analysis. Statistical tests were performed bilaterally on a local α error level of α = 5%; corresponding 95% confidence intervals were calculated. No α error fitting was performed for multiple statistical testing as this exploratory analysis of the EORTC's dimensions as secondary effectiveness parameters was intended to identify potentially clinically relevant treatment differences rather than to protect against a randomly occurring treatment difference. Sample size estimation, randomization lists, and analyses were performed using SAS for Windows 9.2 (SAS Institute, Cary, NC).
Results

Participants and Adherence to the Intervention
A total of 126 patients were assigned to 1 of the 3 treatment arms according to their preference (n = 61) or by randomization (n = 65). Before the intervention, 21 patients decided not to participate, so 105 patients started the intervention (AT = 20; CT = 51; and MT = 34). During the 10-week intervention period, 21 patients dropped out and later between the end of intervention and the 6-month follow-up of further patients (n = 25; the flowchart for recruitment and for drop-out reasons is described by Kröz et al 25 ) .
A total of 84 patients underwent the intervention (T1), and 81 patients underwent follow-up after 6 months (T2). The dropout rate for T1 was 25% in the AT group, 17% in the MT group, and 21.5% in the CT group. The CMH test, which tested whether there was a disposition difference between the 3 treatment arms, showed a statistically significant result (CMH P = .020).
Baseline Characteristics
At baseline, enrolled patients were on average 59 years old (SD = 10) in AT, 58 years old (SD = 11) in MT, and 56 years old (SD = 8) in CT. At baseline, no significant differences were observed between the 3 arms in terms of sociodemographic characteristics, tumor stage and biology, and treatment (Table 1) . 25 The baseline data related to the outcomes are presented in Table 2 without statistically significant differences for the EORTC QLQ-C30 dimensions.
Comparison of Therapy Arms With Regard to Their Efficacy on HRQOL (EORTC QLQ-Q30)
In terms of functioning and global health status scales, increases in mean values for the CT group compared with the baseline, which represents a clinically relevant improvement in function (ie, an increase of about 10%), were observed in all dimensions for T1, and smaller, but partially clinically still relevant, increases (in terms of physical, role, and cognitive functioning) for T2. In the MT group, clinical improvements in functioning were equally observed in all dimensions at T1 and T2. For AT only for cognitive functioning (at T1) as well as for social functioning and global health status (at T1 and T2) an increase in mean values was shown, with clinically relevant improvement at T1. In addition, a clinical deterioration (ie, a decrease in mean values of 10% or more compared with baseline) was detected for emotional functioning at T2 (Table 3) .
In the symptom scales, clinically relevant improvements over the baseline (ie, a decrease in mean values of 10% or more) in CT were shown only for fatigue, dyspnea, and insomnia at T1 and T2. Equivalent (and for insomnia even higher) clinical improvements of symptomatology were observed in the MT arm and additionally in pain and financial problems (also at T1 and T2; Table 3 and Figure 1b) . A clinically relevant improvement in symptom scales in the AT group was observed only in fatigue at T1 and insomnia at T2, while a relevant deterioration (ie, an increase in symptom mean values of 10% or more) was detected at T2 for loss of appetite, diarrhea, and financial problems (Table 3 and Figure 1c ).
Combined Therapy (MT + AT) Versus AT
CT was significantly superior to AT compared only at T1 in improving physical functioning (P = .007, SES = 0.679). For none of the other dimensions the superiority test of CT over AT showed a significant result, neither for T1 nor for T2 (test for superiority of CT over AT; P values all >.05; Table 3 ).
Multimodal Therapy Versus AT
The results showed a significant superiority of MT over AT in improving the dimensions of physical functioning, emotional functioning, insomnia, and financial problems after 10 weeks of intervention. For all these areas, the superiority remained at T2, that is, physical functioning, emotional functioning, insomnia, and financial problems (all P < .05; details in Table 3 ). In addition, MT at T2 was also significantly better for the EORTC dimensions role functioning, cognitive functioning, social functioning, and fatigue than AT in T2 (all P < .05; details in Table 3 ).
Patients' Expectations
With regard to physical changes, 63% in the AT group, 47% in the MT group, and 47% in the CT group expected a relief of their pain at baseline. A positive effect on their flexibility and discomforts was expected by more than 75% in all the 3 treatment arms. All participants of the 3 groups expected an increase in performance and most participants also expected physical (AT 89%; MT 91%; and CT 96%) and mental (AT 94%; MT 91%; and CT 86%) recovery. The majority of participants in each group expected to cope more effectively with everyday life (AT 94%; MT 97%; and CT 92%), work life (AT 83%; MT 58%; and CT 60%), illness (AT 75%; MT 82%; and CT 78%), anxiety reduction (AT 75%, MT 67%; and CT 60%), and an increase in self-confidence (AT 50%; MT 66%; and CT 68%). To make new acquaintances was expected before the intervention start by 60% in the AT group, 53% in the MT group, and 38% in the CT group. No significant difference between the 3 groups was found in any of the dimensions of patient expectation. 
Discussion
The aim of this explorative study analysis was to investigate whether a multimodal and combined multimodal-aerobic therapy (CT) for breast cancer patients with a relevant CRF is superior to AT as monotherapy with regard to HRQOL. CT was found to be significantly superior to AT only in improving the physical functioning of the EORTC domain, while a significant superiority of the MT concept was found in the domains physical functioning, emotional functioning, insomnia, and financial problems compared with AT after 10 weeks of intervention, which was stable 6 months later, in addition to significantly better fatigue, cognitive functioning, and social functioning. This suggests a good sustainability of the MT concept for these HRQOL dimensions.
Since the results are based on an exploratory analysis, the results are understood as indications with hypothesis-generating character. Nevertheless, they suggest that MT as monotherapy was more effective than AT in various dimensions. Previous studies have shown that a multimodal approach can be a valuable treatment to cope with the complexity of CRF in breast cancer patients. 24 The strengths of the developed MT approach lies, among other things, in the demand-oriented, clinical, highly relevant improvement of symptom burden due to insomnia and fatigue of the target group. This may be related to the multimodal approach of various evidence-based interventions, including chronobiological adaptation through sleep intervention, psychoeducational, and possible mindfulness-oriented treatments 3 that focus on the complex chronobiological, neuroendocrineimmune mechanisms of behavioral comorbidity in patients with CRF. 36 In particular, the strong improvements in insomnia and fatigue of 30% and 20%, respectively, in the MT approached group are clinically highly significant and indicate a specific intervention effect. According to Osoba et al, 35 mean changes of 5% to 10% in EORTC QLQ-C30 scores are already clinically relevant.
Therefore, the improvements in the CT also indicate a high clinical impact. In the context of a long-term followup, it should be investigated whether it is possible to sustainably reduce CRF and early retirement by participating in the developed MT or CT concept. The reason for the significant improvement in the dimension of the financial problems of EORTC in the MT group may be due to subjective changes in perception and improved well-being, which may make their financial situation less problematic. On the other hand, improved performance through reduced complaints can increase work capacity and thus reduce financial problems. One possible cause for the nonsuperiority of the more complex CT intervention compared with AT monotherapy could be a burden on patients in the CT arm, since greater effort is required to participate in several therapy sessions. It could be assumed that the number of treatment options implemented was so high that some individuals could not adapt mentally, emotionally, and physically, and therefore, positive effects were found only in the physical functioning domain. The relatively higher frequency of adverse events in the CT group compared with the MT arm indicates an excessive demand for the physical abilities of participants in this study arm. 25 Further research is needed to clarify the appropriate "dose" and the most effective combination of modules for MT without exceeding the patients' resources. Horneber et al 3 summarized as central goals of CRF treatment the alleviation of factors that can negatively influence the symptoms of patients' CRF by offering an individualized approach and activating individual resources. It will be challenging to develop customizable multimodal approaches and to demonstrate the best combination of treatment components for maximum effectiveness in patients' CRF and HRQOL. 37, 38 The mean values for HRQOL (EORTC QLQ-C30) in all 3 arms after the intervention (T1, T2) differ clearly from the reference data of the general German population provided by Hinz et al. 39 This is consistent with the results of studies that show that CRF affects the lives of breast cancer survivors even years after the first diagnosis. 4, 5, 40 The results of this study underline the importance of understanding how sustained longterm therapeutic effects can be induced to improve HRQOL and to reduce early retirement rates in breast cancer survivors with chronic CRF.
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Limitations
Due to the chosen study design, the distinct contributions of the different treatment components remain unclear as they were applied as "packages." Further studies are needed to investigate the contribution of each specific treatment. 25 The analyses presented here were never intended as conclusive proof of efficacy, but as hypothesisgenerating. In comparison to a conventional randomized study, participants were free to choose a treatment arm if they rejected randomization. These are 2 separate choices to consider, which introduce 2 types of selection bias in the distribution of patients across treatment arms and must be considered separately. This was done by including 2 respective propensity scores in the analysis with the aim of adjusting treatment effects to possible differences in prognostic and/or predictive markers. Even if the most important baseline values do not differ significantly, different means can be related by tendency to the preference group. This will be published in a separate article. In order to identify the relevance of an attrition bias, preference and randomized group were compared without finding relevant differences. In all statistical comparisons, propensity scores were included as compensating factors aiming to control possible bias.
In addition, the low number of participants in the 3 therapy arms and the unequal distribution of study participants (especially in the AT arm) are further limitations. The relatively high number of dropouts is not surprising for the relatively long intervention period, the known adherence problems in endurance training studies 42 and the load on the intervention days in the CT and MT groups. The higher dropout rate in AT may be due to a lower improvement in insomnia and to the primary outcome of fatigue/sleep quality 25 as well as the tendency to fatigue. To address this problem, a suitable method for calculating the missing values was chosen. Table shows the mean differences (± standard deviation) from T0 to T1 or T2 for the EORTC dimensions and the P values for the test for superiority of MT and CT over AT. All results are displayed for both T1 and T2 and are based on the imputed data set with missing value. b P values of the van-Elteren test stratified for preference/randomization for difference between MT versus AT. 
Conclusion
A combined therapy approach with a multimodal concept and aerobic training was superior compared with aerobic training only in improving physical functioning in breast cancer survivors with a chronic CRF, while for some relevant dimensions of patients' HRQOL, especially insomnia and fatigue, a significant superiority of the multimodal approach over aerobic training alone was found. Future research is necessary to find the most effective combination of therapies for a multimodal therapy approach without exceeding the resources of the participants.
